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Description 

[ION SAMPLING SYSTEM FOR WAFER 
AND SAMPLING METHOD THEREOF ] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92107254, filed March 31, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a semiconductor process. 
More particularly, the present invention relates to an ion 
sampling system for wafer and a sampling method 
thereof. 

[0004] Description of Related Art 

[0005] | n a fabrication process for a semiconductor wafer, con- 
tamination of the wafer surface is a serious problem. In 
general, contaminants that adhere on the wafer surface 
include organic compounds, metal impurities and ion 
contaminants, wherein these contaminants adversely af- 


feet the subsequent process of the products. For example, 
these contaminants may induce leakage current at the p-n 
junction of the device, reduce the life time of some carri- 
ers, lower the breakdown voltage of the gate oxide layer, 
cause erosion to the metal line, and other related prob- 
lems. The lowering of the quality and the reliability of the 
semiconductor device is thus resulted. Further, the semi- 
conductor device may even become ineffective. Therefore, 
during the fabrication of a semiconductor device, it is im- 
portant to detect the amount of contaminants on the 
wafer surface. 

[0006] During the detection process for contaminants on a wafer 
surface, the sampling procedure for contaminants on the 
wafer surface is the most important step. As an example, 
organic compound contaminants are sampled with a SWA 
(Silicon Wafer Analyzer) sampling instrument, followed by 
using a gas chromatography mass spectrometer (GC-MS) 
to detect the amount of the organic compound contami- 
nants. The metal impurity contaminants are sampled with 
a WSPS (Wafer Surface Preparation System) instrument, 
followed by analyzing with an inductively coupled plasma 
mass spectrometer to determine the amount of the metal 
contaminants. The amount of the ion contaminants is de- 


termined by submerging the wafer in a two liter pure wa- 
ter for a period of time to transfer the ions from the wafer 
surface in the water. Ion chromatography is then used to 
concentrate and analyze the amount of the ion contami- 
nants. 

[0007] | n accordance to the above wafer contaminant detection 
method, instrumentation is used to sample organic com- 
pounds and metal impurities. Further, the sampling of the 
organic compounds and the metal impurities is only di- 
rected to a single surface of the wafer because the fabri- 
cation of a semiconductor device is mostly conducted on 
one surface of the wafer, and only the presence of con- 
taminants on that particular surface is relevant. Therefore, 
the detection accuracy for contaminants of organic com- 
pounds and metal impurities is higher. Since the sampling 
of ion contaminants is accomplished by submerging the 
wafer in two liters of pure water, ions on both sides of the 
wafer are being transferred in the water. The detection 
accuracy of ion contaminants is thereby questionable. 

[0008] Further, since a large quantity of water is used to remove 
the ions from the wafer surface, the ion concentration in 
the water is very low. Therefore, more time is required for 
and is being wasted on concentrating the ion solutions. 


Further, the above procedure is conducted in an open en- 
vironment, not only the wafer gets contaminated during 
the period of fabrication, it can be further contaminated 
during the sampling procedure. The contaminants in the 
environment could contaminate the pure water during the 
sampling procedure to affect the accuracy of the detection 

result for the ion contaminants. 
Summary of Invention 

[0009] Accordingly, the present invention provides an ion sam- 
pling system for a wafer surface and a sampling method 
thereof, wherein only a single surface of the wafer is sam- 
pled for ion contaminants. 

[0010] The present invention also provides an ion sampling sys- 
tem for a wafer surface and a sampling method thereof, 
wherein a contaminating source from the atmosphere is 
reduced to accurately detect the amount of ion contami- 
nants on the wafer surface. 

[0011] The present invention further provides an ion sampling 
system for a wafer surface and a sampling method 
thereof, wherein the sample volume can be lowered to in- 
crease the concentration of the sample. The time required 
for concentrating the sample and the total time required 
for analysis are thus effectively reduced. 


[0012] The present invention further provides an ion sampling 

system for a wafer surface, wherein the ion sampling sys- 
tem includes at least the following components. The sam- 
pling chamber includes an upper and a lower part, 
wherein the upper part is for holding a wafer, and the 
lower part is funnel shape and includes a collection open- 
ing for the extract solution. An wafer carrier apparatus is 
disposed in the sampling chamber. An extraction liquid 
spraying apparatus is disposed at the top part of the sam- 
pling chamber. An extraction liquid supply apparatus is 
connected to the extraction liquid spraying apparatus to 
provide an extraction liquid to the extraction liquid spray- 
ing apparatus. A cleaning/drying apparatus which in- 
cludes a cleaning/drying nozzle, a cleaning solution sup- 
ply apparatus and a liquid supply apparatus is used for 
cleaning/drying the sampling chamber. 

[0013] The wafer carrier apparatus includes a plurality wafer car- 
rier beams, disposed on and dispersedly arranged around 
the upper sidewall of the sampling chamber. The periph- 
eral surface of the wafer carrier beam is configured with a 
first wafer anchoring pin that extends in a first direction. 
One end of the wafer carrier beam extends through the 
upper sidwall of the sampling chamber, wherein a rotating 


bar is disposed on the one end of the wafer carrier beam 
for rotating the wafer carrier beam. The peripheral surface 
wafer carrier beam is also configured with a second wafer 
anchoring pin that extends in a second direction, wherein 
the second direction is different from the first direction. 
There are at least three of the above wafer carrier beams, 
and at least one of the wafer carrier beam is at a height 
lower than those of the other carrier beams. The above 
extraction liquid spraying apparatus includes a plurality of 
spray nozzles or nebulizers that are evenly disposed at 
the top part of the sampling chamber. The extraction liq- 
uid supply apparatus includes a temperature adjustment 
device to adjust the temperature of the extraction liquid. 
[0014] The sampling system of the present invention is disposed 
with a rotatable wafer carrier beam for replacing the wafer 
anchoring pin. The sampling system is therefore applica- 
ble for wafer of different dimensions. Further, the amount 
of the extraction liquid used in the ion contaminant sam- 
pling system for a wafer surface of the present invention 
is less than the amount used in the prior art. The amount 
of the extraction liquid used and the time required for 
concentrating the extract solution are reduced to further 
scale down the manufacturing cost. Further, the tempera- 


ture of the extraction liquid can be adjusted to increase 
the dissolution rate of ions. 

[0015] | n accordance to the present invention, a wafer surface 
sampling system is provided, wherein the sampling sys- 
tem includes at least the following components. A sam- 
pling chamber that includes an upper part and a lower 
part, wherein the upper part is for accommodating the 
wafer, and the lower part is funnel shape and includes an 
extract solution collection opening. A wafer carrier appa- 
ratus is disposed in the sampling chamber. The wafer car- 
rier apparatus driving system is connected to the wafer 
carrier apparatus, wherein the wafer carrier apparatus 
driving system drives the wafer carrier apparatus to ro- 
tate. An extraction liquid spraying apparatus is disposed 
at the top part of the sampling chamber. A moving appa- 
ratus holds and moves the extraction liquid spraying ap- 
paratus. An extraction liquid supply apparatus is con- 
nected to the extraction liquid spraying apparatus. 

[0016] The above wafer surface ion sampling system further in- 
cludes a cleaning/drying apparatus. A cleaning/drying 
spray nozzle is disposed in the sampling chamber for 
spraying a cleaning solution or a fluid to the sampling 
chamber. A cleaning solution supply apparatus connects 


to the cleaning/drying spray nozzle to supply a cleaning 
solution to the cleaning/drying spray nozzle. A fluid sup- 
ply apparatus connects to the cleaning/drying spray noz- 
zle to supply a fluid to the cleaning/drying nozzle. 

[0017] The above wafer carrier apparatus further includes a car- 
rier platform, a rotating shaft that coaxially connects with 
the carrier platform, and a carrier adjustment unit be- 
tween the carrier platform and the rotating shaft. The ex- 
traction liquid spraying apparatus is a spray nozzle or a 
nebulizer. The extraction liquid supply apparatus, a 
cleaning solution supply apparatus, and a fluid supply ap- 
paratus can all be installed with a temperature adjustment 
device to adjust the temperature of the extraction liquid, 
the cleaning solution or the fluid. 

[0018] The present invention employs the wafer carrier apparatus 
driving system for driving the wafer carrier to rotate, and 
the extraction liquid spraying apparatus for spraying an 
extraction liquid to the wafer surface where ion contami- 
nants are going to be removed. The ion contaminants on 
the wafer surface are dissolved in the extraction liquid. 
The amount of ion contaminants on the wafer surface can 
be accurately determined. Further, by controlling the ro- 
tating speed of the wafer carrier machine, the fluid film on 


the wafer surface is controlled to have a certain thickness 
to effectively dissolve the ion contaminants that are on the 
wafer surface. Further, the amount of the extraction liquid 
used in the ion contaminant sampling system for a wafer 
surface of the present invention is less the amount used in 
the prior art. The amount of extraction liquid used and 
the time require for concentrating the extract solution are 
reduced to further scale down the manufacturing cost. 
Further, the temperature of the extraction liquid can be 
adjusted to enhance the dissolution rate of ions. 

[0019] Further, in accordance to the ion sampling system for a 
wafer surface of the present invention, the sampling 
chamber is disposed with a cleaning/drying spray nozzle, 
which is used to spray a cleaning solution to clean the 
sampling chamber. The cleaning/drying spray nozzle fur- 
ther sprays a fluid (nitrogen gas/helium gas/argon gas/ 
pressurized dry air, etc.) to dry the sampling chamber at a 
desired temperature. After the cleaning and the drying of 
the sampling chamber, another cleaning step can perform 
to collect the cleaning solution to ensure the sampling 
chamber is adequately cleaned. 

[0020] The present invention provides a wafer surface ion sam- 
pling method, wherein a wafer is provided, and the wafer 


is placed inside the sampling chamber. Extraction liquid is 
continuously being sprayed to form a liquid film on the 
wafer surface and to maintain the liquid film to a certain 
thickness to dissolve the ion contaminants on the wafer 
surface in the extraction liquid. The extract solution is 
then collected at the bottom of the collection chamber. 

[0021] | n accordance to the above sampling method, continu- 
ously spraying the extraction liquid to form a liquid film 
on the wafer surface and maintaining the liquid film to a 
certain thickness to dissolve the ion contaminants on the 
wafer surface in the extraction liquid further includes tilt- 
ing the wafer at an angle for the extract solution to flow 
to the bottom sampling chamber. 

[0022] | n accordance to the above sampling method, continu- 
ously spraying an extraction liquid to form a liquid film on 
the wafer surface and maintaining the liquid film to a cer- 
tain thickness to dissolve the ion contaminants on the 
wafer surface in the extraction liquid further includes ro- 
tating the wafer for a portion of the extract solution to 
flow to the bottom of the sampling chamber. Moreover, 
the thickness of the liquid film is controlled by controlling 
the rotating speed of the wafer. 

[0023] During the sampling procedure of ion contaminants, ex- 


traction liquid is sprayed to the wafer surface where ion 
contaminants are going to be removed. Further by tilting 
the wafer at an angle or by rotating the wafer, ions on the 
wafer are dissolved in the extraction liquid. The amount of 
ion contaminants on the wafer surface can also be accu- 
rately determined. The amount of extraction liquid used 
and the time require for concentrating the extract solution 
are reduced to further scale down the manufacturing cost. 
[0024] The present invention provides a wafer surface ion sam- 
pling method, wherein a wafer is provided, and the wafer 
is placed inside the sampling chamber. After continuously 
spraying the extraction liquid on the wafer surface that is 
going to be sampled, a liquid film is formed thereon and 
the liquid film maintains a certain thickness for dissolving 
the ion contaminants in the extraction liquid. Further the 
wafer is tilted at an angle for a portion of the extract solu- 
tion to flow to the bottom of the sampling chamber. Fur- 
ther, the extraction liquid is continuously being sprayed 
on the wafer surface to form the liquid film and to main- 
tain the liquid film at a certain thickness for dissolving the 
ion contaminants on the surface of the wafer in the ex- 
traction liquid. The wafer is also rotated to allow a portion 
of the extract solution to flow to and be collected at the 


bottom of the sampling chamber. 

[0025] | n the above method, the thickness of the thin film is con- 
trolled by controlling the rotating speed of the wafer. Fur- 
ther, the wafer-tilting sampling step and the wafer-ro- 
tating sampling step can be repeated for several times. 

[0026] During the ion contaminant sampling procedure, both the 
stationary-tilt sampling method and the dynamic-rota- 
tional sampling method can be used. Therefore, the liquid 
film on the wafer remains rolling and moving, which en- 
hances the transfer of the ions from the wafer to the ex- 
traction liquid. 

[0027] it i S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0028] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0029] Figure 1 is a schematic diagram illustrating an ion sam- 


pling system for a wafer surface according to a first ex- 
emplary embodiment of the present invention. 
[0030] Figure 2 is a schematic diagram illustrating an ion sam- 
pling system for a wafer surface according to a second 

exemplary embodiment of the present invention. 
Detailed Description 

[0031] First Exemplary Embodiment 

[0032] Figure 1 is a schematic diagram illustrating an ion sam- 
pling system for a wafer surface according to the first ex- 
emplary embodiment of the present invention. 

[0033] Referring to Figure 1, an ion sampling system 100 for a 
wafer surface according to the first exemplary embodi- 
ment of the present invention includes at least a sampling 
chamber 102, a wafer carrier shelf 104, an extraction liq- 
uid spraying apparatus 106, an extraction liquid supply 
apparatus 108a, a fluid supply apparatus 108b, a clean- 
ing/drying spray nozzle 112, a cleaning solution supply 
apparatus 114, and a fluid supply apparatus 116. The 
cleaning/drying spray nozzle 112, the cleaning solution 
supply apparatus 114 and fluid supply apparatus 116 to- 
gether constitute a cleaning/drying apparatus. 

[0034] The sampling chamber 102 can be separated into, for ex- 


ample, an upper part and a lower part. The upper part of 
the sampling chamber 102 is designed to accommodate a 
semiconductor wafer 110 (which includes an 8 inch wafer, 
a 12 inch wafer or wafers of other dimensions). The lower 
part of the sampling chamber 102, for example, is de- 
signed to have a funnel shape, wherein the lower part of 
the sampling chamber 102 includes an extract solution 
collection opening 102a. 
[0035] The plurality of wafer carrier beams 104, for example, is 
disposed on and dispersedly arranged around the upper 
part of the sampling chamber 102. Each of the wafer car- 
rier beams 104 is, for example, bar-shaped, wherein one 
end of the wafer carrier beam 104 is extended to the out- 
side of the sampling chamber 102, allowing the wafer 
carrier beam 104 to rotate freely. A rotating handle 104a 
is disposed on the extended end of the wafer carrier beam 
104. A wafer anchoring pin 104b, which extends in one 
direction, is disposed on a peripheral surface of the wafer 
carrier beam 104. Another wafer anchoring pin 104c, 
which is extended in a different direction, forms at least a 
90 degrees angle with the wafer anchoring pin 104b. The 
wafer carrier beam 104, therefore, can at most include 
four sets of wafer anchoring pins. The wafer anchoring pin 


104b, for example, is used to firmly hold a wafer of a 
larger dimension (for example, a 12 inch wafer), whereas 
the wafer anchoring pin 104c, for example, is used to 
firmly hold a wafer of a smaller dimension (for example, 
an 8 inch wafer). In this exemplary embodiment, there are 
at least three wafer carrier beams. Further, the height of 
one wafer carrierbeaml04 is lower than the heights of 
other wafer carrier beams 104. As a result, the wafer 110 
can be tilted at an angle 9 when the wafer 110 is placed 
on the wafer carrier beams 104. 
[0036] The extraction liquid spraying apparatus 106, for exam- 
ple, is disposed at the top part of the sampling chamber 
102. The extraction liquid spraying apparatus 106, for 
example, is included with a plurality of spray nozzles 
106a (or a nebulizer). The extraction liquid spraying ap- 
paratus can evenly spray the extraction liquid on the wafer 
110 surface, to cover the entire wafer surface with the ex- 
traction liquid. 

[0037] The extraction liquid supply apparatus 108a, for example, 
is connected to the extraction liquid spraying apparatus 
106 to supply an extraction liquid to the extraction liquid 
spraying apparatus 106. The extraction liquid supply ap- 
paratus 108a includes a temperature adjustment device 


118a, which is used to adjust the temperature of the ex- 
traction liquid. The fluid supply apparatus 108b is con- 
nected to the extraction liquid spraying apparatus 106 
and to the extraction liquid supply apparatus 108 to sup- 
ply a fluid (includes nitrogen gas/helium gas/argon gas/ 
pressurized dry air, etc.) to the extraction liquid supply 
device 108a to pressurize the extraction liquid. The fluid 
supply apparatus 108b includes a temperature adjustment 
device 118b to adjust the temperature of the fluid. 

[0038] The cleaning/drying spray nozzle 112, for example, is 

disposed inside the sampling chamber 102 for spraying a 
cleaning solution (or nitrogen gas/helium gas/argon gas/ 
pressurized dry air, etc.) to the sampling chamber 102 to 
clean the sampling chamber 102. 

[0039] The cleaning solution supply apparatus 114, for example, 
is connected to the cleaning/drying spray nozzle 112 to 
provide the cleaning solution to the cleaning/drying spray 
nozzle 112. The cleaning solution includes, for example, 
deionized water, deionized water/ hydrogen peroxide, etc. 
The cleaning solution supply apparatus 114 includes a 
temperature adjustment device 120a to adjust the tem- 
perature of the cleaning solution. 

[0040] The fluid supply apparatus 116, for example, is connected 


to the cleaning/drying spray nozzle 112 to supply a fluid 
(including nitrogen gas/helium gas/argon gas/ 
pressurized dry air, etc.) to the cleaning/drying spray 
nozzle 112 to dry the sampling chamber 102. The fluid 
supply apparatus 116 includes a temperature adjustment 
device 120b to adjust the fluid temperature. 

[0041] | n t his first exemplary embodiment, the extraction liquid 
spraying apparatus 106 is connected to the extraction liq- 
uid supply apparatus 108a and the fluid supply apparatus 
108b. The fluid supply apparatus 108b is, for example, a 
nitrogen gas/helium gas/argon gas supply apparatus, a 
pressurized air supply device and a cleaning solution sup- 
ply device, etc., wherein the cleaning solution is, for ex- 
ample, deionized water, deionized water/ hydrogen per- 
oxide, etc. With the fluid supply device, a cleaning process 
and a drying process can be conducted on the sampling 
chamber 102 before and after sampling procedure. 

[0042] The method to sample ions from a wafer surface with the 
wafer sampling system of the first exemplary embodiment 
of the present invention is disclosed as follow. This wafer 
surface ion sampling method is a stationary-tilt sampling 
method. 

[0043] Referring to Figure 1, a wafer 110 is provided, wherein 


this wafer 110 is, for example, a 12 inch wafer. There- 
after, the rotating handle 104a of the rotating wafer car- 
rier beam 104 is rotated in such a way that the wafer an- 
choring pin 104b is tilted upward. The wafer 110 is then 
placed on the wafer carrier beam 104, wherein the sam- 
pling surface of the wafer 110 is faced upward. There- 
after, the extraction liquid supply apparatus 108a supplies 
an extraction liquid (for example, deionized water, etc.) to 
the extraction liquid spraying apparatus 106, wherein the 
temperature of the extraction liquid is controlled by the 
temperature adjustment device. Using the extraction liq- 
uid spraying apparatus 106, the extraction liquid is 
sprayed on the surface of the wafer 110 to form a liquid 
film on the surface of the wafer 110. The ions on the sur- 
face of the wafer 110 are then dissolved in the extraction 
liquid. As the extraction liquid on the wafer 110 surface 
accumulates to a certain level, a portion of the extract so- 
lution starts to flow along the tilted surface of the wafer 
110 to the lower part of the sampling chamber 102, and is 
discharged from the extract solution collection opening 
102a into a collection bottle (not shown). By continuously 
spraying the extraction liquid to the wafer surface and by 
controlling the spraying rate of the extraction liquid and 


the spraying intervals, the liquid film on the surface of the 
wafer 100 can maintain a certain thickness. The removal 
rate of the ion contaminants from the wafer 110 surface is 
thus effectively increased. 

[0044] The extract solution collected at the extract solution col- 
lection opening 102a is analyzed using ion chromato- 
graph to determine the amount of ions. The extract solu- 
tion collected at the extract solution collection opening 
102 can also be concentrated first before analyzing for 
the amount of ions using ion chromatograph. 

[0045] After the wafer 110 is removed from the wafer carrier 
beam 104, the cleaning solution supply apparatus 114 
provides a cleaning solution to the cleaning/drying spray 
nozzle 112 to clean the sampling chamber 102. After fully 
cleaning the sampling chamber 102, the supply of the 
cleaning solution is terminated and a fluid (nitrogen gas/ 
helium gas/argon gas/pressurized dry air) is provided 
through the fluid supply apparatus 116 to dry the sam- 
pling chamber. After drying the sampling chamber 102, 
the supply of fluid (nitrogen gas/helium gas/argon gas/ 
pressurized dry air) is discontinued. The cleaning of the 
sampling chamber 102 can also be accomplished using 
the extraction liquid spraying apparatus 106. 


[0046] | n accordance to the present invention, the sampling of 
the ion contaminants is conducted by spraying an extrac- 
tion liquid on a wafer surface where ion contaminants are 
going to be removed. Therefore, only the ions on the 
wafer surface that needs to be detected are dissolved in 
the extraction liquid. As a result, the amount of ion con- 
taminants on the surface of the wafer can be accurately 
detected. Further, the ion sampling system for a wafer 
surface of the present invention is installed with a wafer 
carrier beam 104, wherein the wafer anchoring pin can be 
replaced by rotating the wafer carrier beam 104. The ion 
sampling system for a wafer surface of the present inven- 
tion is thus applicable for wafers of different sizes. Fur- 
ther, the ion sampling system for wafer surface of the 
present invention can control the collection of the extract 
solution by controlling the tilt angle of the wafer. In ac- 
cordance to the ion contaminant sampling system for 
wafer surface of the present invention and the sampling 
method, the amount extraction liquid used and the time 
required for concentrating the extract solution are re- 
duced to further scale down the cost. 

[0047] Further, the ion contaminant sampling system for a wafer 
surface of the present invention can be installed in a clean 


mini environment, for example, inside a hood that is in- 
stalled with a fan, a chemical filtering device and an ultra 
low penetration air filter (ULPA). Since the ultra-micro 
particles can be filtered by an ULPA filter inside the hood, 
while the chemical filtering device provides the function of 
removing acid or basic compounds, the hood can be 
maintained clean. 

[0048] Second Exemplary Embodiment Figure 2 is a schematic 
diagram illustrating an ion sampling system for a wafer 
surface according to the second exemplary embodiment 
of the present invention. 

[0049] Referring to Figure 2, the ion sampling system 200 for a 
wafer surface according to the second exemplary embodi- 
ment of the present invention includes at least a sampling 
chamber 202, a wafer carrier apparatus 204, a wafer car- 
rier machine driving system 206, an extraction liquid 
spraying apparatus 208, an extraction liquid spraying ap- 
paratus moving device 210, an extraction liquid supply 
apparatus 212, a fluid supply apparatus 214, a cleaning/ 
drying spray nozzle 216, a cleaning solution supply appa- 
ratus 218, a fluid supply apparatus 220. Further, the 
cleaning/drying spray nozzle 216, the cleaning solution 
supply apparatus 218 and the fluid supply apparatus 220 


together constitute the cleaning/drying apparatus. 

[0050] The sampling chamber 202, for example, can be divided 
into an upper part and a lower part. The upper part of the 
sampling chamber 202, for example, is designed to ac- 
commodate a semiconductor wafer 222 (which includes 
an 8-inch wafer and a 12-inch wafer). The lower part of 
the sampling chamber 202, for example, is designed to 
have a funnel shape. The lower part of the sampling 
chamber 202 further includes an extract solution collec- 
tion opening 202a. 

[0051] The wafer carrier apparatus 204, for example, is config- 
ured inside the sampling chamber 202. The wafer carrier 
apparatus 204 is included with, for example, a carrier 
platform 204a, a carrier platform adjustment unit 204b 
and a rotating shaft 204c. The carrier platform 204a and 
the rotating shaft 204c, for example, are coaxially con- 
nected together. Further the dimension of the carrier plat- 
form 204a is smaller than the size of a wafer. The carrier 
platform adjustment unit 204b is disposed between the 
carrier platform 204a and the rotating shaft 204c for ad- 
justing the carrier platform 204a to tilt at an angle. 

[0052] The wafer carrier apparatus driving system 206 is con- 
nected to the wafer carrier apparatus 204 for rotating the 


wafer carrier apparatus. 

[0053] The extraction liquid spraying apparatus 208, for exam- 
ple, is disposed at the top part of the sampling chamber 
202. The extraction liquid spraying apparatus 208 is, for 
example, a spray nozzle (or a nebulizer). 

[0054] a moving device 210, for example, holds and moves the 
extraction liquid spraying apparatus 208. Since the mov- 
ing device 210 moves the extraction liquid spraying appa- 
ratus 208, the extraction liquid can cover the waferen- 
tirely. The extraction liquid supply apparatus 212, for ex- 
ample, is connected to the extraction liquid spraying ap- 
paratus 208 to supply an extraction liquid to the extrac- 
tion liquid spraying apparatus 208. The extraction liquid 
supply apparatus 208 includes a temperature adjustment 
device 224a to adjust the temperature of the extraction 
liquid. 

[0055] The fluid supply apparatus 214, for example, is connected 
to the extraction liquid spraying apparatus 208 to supply 
a fluid (which includes nitrogen gas/helium gas/argon 
gas/pressurized dry air, etc.) to the extraction liquid 
spraying apparatus 208. The liquid supply device 214 in- 
cludes a temperature adjustment device 224b for adjust- 
ing the fluid temperature. 


[0056] The cleaning/drying spray nozzle 216, for example, is 
disposed in the sampling chamber 202 for spraying a 
cleaning solution (or nitrogen gas/helium gas/argon gas/ 
pressurized dry air, etc.) into the sampling chamber 202 
to clean the sampling chamber 202. 

[0057] The cleaning solution supply apparatus 218, for example, 
is connected to the cleaning/drying spray nozzle 216 to 
provide a cleaning solution to the cleaning/drying spray 
nozzle 216. The cleaning solution supply apparatus 218 
further includes a temperature adjustment device 226a to 
adjust the temperature of the cleaning solution. 

[0058] The fluid supply apparatus 220, for example, is connected 
to the cleaning/drying nozzle 216 to supply a fluid (which 
includes nitrogen gas/helium gas/argon gas/pressurized 
dry air, etc.) to the cleaning/drying spray nozzle 216 to 
perform the drying of the sampling chamber 202. The 
fluid supply apparatus 220 includes a temperature adjust- 
ment device 226b for adjusting the temperature of the 
fluid. 

[0059] | n the second exemplary embodiment, an extraction liquid 
spraying apparatus 208 that includes a moving device 210 
for holding and moving the extraction liquid spraying ap- 
paratus 208 is used to illustrate the sampling method of 


the present invention. Similar to the first exemplary em- 
bodiment, the top part of the sampling chamber 202 can 
be installed with a plurality of extraction liquid spraying 
apparatus 208, and the moving device 210 becomes op- 
tional. 

[0060] The ion sampling method using the wafer sampling sys- 
tem of the second exemplary embodiment of the present 
invention is disclosed as follow. This wafer surface ion 
sampling method is a dynamic-rotational sampling 
method. 

[0061] Referring to Figure 2, a wafer 222 is provided. This wafer 
222 is, for example, a 12-inch wafer. Thereafter, the 
wafer 222 is placed on the carrier platform 204a, wherein 
fixing the wafer 222 on the carrier platform 204a surface 
includes adsorption of the wafer 222 on the carrier plat- 
form 204a surface. For example, the carrier platform 204a 
includes a plurality of holes, wherein these holes are con- 
nected to a suction device. By using the suction device, 
the wafer is adsorbed on the carrier platform 204a sur- 
face. The surface of the wafer to be sampled faces up- 
ward. Further using the wafer carrier apparatus driving 
system 206, the wafer carrier apparatus 204 is driven to 
rotate. 


[0062] since the wafer is held firmly on the carrier platform 204a 
by means of adsorption, wafers of various sizes can use 
this system without the assembling and disassembling of 
the wafer from the carrier platform 204a. 

[0063] Further, the extraction liquid supply apparatus 212 pro- 
vides the extraction liquid (for example, deionized water) 
to the extraction liquid spraying apparatus 208, which is 
used to spray extraction liquid to the surface of the wafer 
222. By using the moving device 210, the moving direc- 
tion of the extraction liquid spraying apparatus 208 can 
be controlled to evenly spray the extraction liquid on the 
wafer 222 surface. When the extraction liquid is sprayed 
on the wafer 222 surface, the extraction liquid forms a 
liquid film on the wafer 222 surface to completely cover 
the wafer 222 surface. The ions on the wafer 222 surface 
are then dissolved in the extraction liquid. By controlling 
the rotating speed of the wafer carrier machine 204, the 
thickness of the liquid film on the wafer 222 surface is 
controlled. When the extraction liquid on the wafer 222 
surface accumulates to a certain level, a portion of the ex- 
tract solution is dislodged form the wafer 222 surface to 
the lower part of the sampling chamber 202. The dis- 
lodged extract solution then flows along the tilted surface 


of the sampling chamber 202 to the extract solution col- 
lection opening 202a into a collection bottle (not shown). 
By continuously spraying the extraction liquid to the wafer 
surface, and controlling the spraying speed of the extrac- 
tion liquid and the rotating speed of the wafer, the liquid 
film on the wafer 222 surface is maintained at a certain 
thickness. The removal rate of the ion contaminants from 
the wafer 222 surface is thereby effectively improved. A 
few minutes after the aforementioned process steps, the 
ion contaminants on the wafer surface are completely dis- 
solved in the extraction liquid. The supply of the extrac- 
tion liquid can be immediately discontinued. Further, the 
high speed rotation of the wafer and the supply of fluid 
(e.g. nitrogen gas/helium gas/argon gas) from the fluid 
supplying apparatus 214 are used to blow dry the extrac- 
tion liquid residual on the wafer 222 surface. The supply 
of fluid and the rotation of the wafer carrier machine can 
be terminated. 

[0064] The extract solution that is collected at the extract solu- 
tion collection opening 202a is analyzed to determine the 
amount ions using ion chromatograph. The extraction liq- 
uid can also be concentrated using ion chromatograph 
before analyzing for the amount of ions. 


[0065] Thereafter, the wafer 222 is removed from the wafer car- 
rier machine 204. Cleaning solution is provided to the 
cleaning/drying spray nozzle 216 by the cleaning solution 
supply apparatus 218 to clean the sampling chamber 202. 
After thoroughly cleaning the sampling chamber 202, the 
supply of the cleaning solution is terminated. A fluid 
(nitrogen gas/helium gas/argon gas/ pressurized dry air, 
etc.) is supplied from the fluid supply apparatus 220 to 
blow dry the sampling chamber 202. The provision of 
fluid is discontinued after the sampling chamber 202 is 
dried. The cleaning of the sampling chamber 202 can also 
be conducted using the extraction liquid spraying appara- 
tus 208. 

[0066] | n accordance to the present invention, during the sam- 
pling of the ion contaminants, the extraction liquid is 
sprayed on the wafer surface where ion contaminants are 
going to be removed. Further, by rotating the wafer, the 
surface where ion contaminants are going to be removed 
is completely covered by the extraction liquid. Since the 
ion contaminants on the surface of the wafer are dissolved 
by the extraction liquid, the amount of the ion contami- 
nants on the wafer surface is accurately detected. Further, 
by controlling the rotating speed of the wafer carrier ma- 


chine 204, the liquid film on the wafer 222 surface is 
maintained at a certain thickness to effectively dissolve 
the ion contaminants on the wafer surface. Moreover, the 
amount of extraction liquid used in the ion sampling sys- 
tem for a wafer surface and the sampling method of the 
present invention is less than that used in a conventional 
system and method. The amount of extraction liquid used 
and the time required for concentrating the extract solu- 
tion are reduced to further scale down the manufacturing 
cost. 

[0067] Further, the sampling system for wafer according to the 
second exemplary embodiment of the present invention 
includes a cleaning apparatus. The sampling system com- 
prising the cleaning apparatus can be programmed to 
clean the sampling chamber to maintain a clean ambient 
in the sampling chamber. In addition, after the cleaning 
and the drying of the sampling chamber, another cleaning 
process can be conducted in which the cleaning solution 
is collected and tested to determine whether the cleaning 
of the sampling chamber is satisfactory. 

[0068] Further, the ion contaminant sampling system for a wafer 
surface of the present invention can be installed in a clean 
mini environment, for example, inside a hood that is in- 


stalled with a fan, a chemical filtering device and an ultra 
low penetration air filter (ULPA). Since the ultra-micro 
particles can be filtered by the ULPA filter inside the hood, 
while the chemical filtering device provides the function of 
removing acid or basic compounds, the hood can maintain 
clean. 

[0069] The sampling system for wafer according to the second 
exemplary embodiment of the present invention is appli- 
cable for the stationary-tilt sampling method or the dy- 
namic-rotational sampling method. Further, by combining 
the two methods, ions are more effectively dissolved in 
the extraction liquid. 

[0070] Referring to Figure 2, the stationary-tilt sampling method 
is first conducted. After fixing the wafer 222 on the carrier 
platform 204a, the carrier platform adjustment device 
204a is used to tilt the carrier platform 204a at an angle. 
Thereafter, the extraction liquid spraying apparatus 208 is 
used to spray the extraction liquid evenly on the wafer 
222 surface to form a liquid film on the wafer 222 sur- 
face. The ions on the wafer 222 surface are dissolved in 
the extraction liquid. A portion of the extract solution 
flows along the tilted surface of the sampling chamber, 
and is discharged from the extract solution collection 


opening 202a into a collection bottle (not shown). 

[0071] Thereafter, the dynamic-rotational sampling method is 

performed. The wafer carrier machine 204 is set to rotate, 
wherein the extraction liquid is continuously sprayed on 
the wafer 222 surface to form the liquid film. By control- 
ling the rotating speed of the wafer carrier machine 204, 
the thickness of the liquid film is controlled. Further, a 
portion of the extract solution is dislodged from the wafer 
222 surface. The dislodged extract solution then flows 
along the tilted surface of the sampling chamber, and is 
discharged from the extract solution collection opening 
202a to a collection bottle (not shown). After the sampling 
process is conducted for a certain time interval, the wafer 
carrier machine 204 is stopped from rotating. 

[0072] The stationary-tilt sampling method and the dynamic- 
rotational sampling method are repeated for several times 
to completely dissolve the ion contaminants on the wafer 
surface in the extraction liquid. The provision of the ex- 
traction liquid is then discontinued and a fluid (nitrogen 
gas/helium gas/argon gas/pressurized dry air) is supplied 
by the fluid supply apparatus 214 for blow drying the ex- 
traction liquid residual on the wafer 222 surface. There- 
after, the supply of the fluid (nitrogen gas/helium gas/ 


argon gas/pressurized dry air) is terminated, and the 
wafer carrier machine is stopped from rotating. 
[0073] | n addition, the extract solution collected from the extract 
solution collection opening 202a is ready to be analyzed 
for the amount of ions using ion chromatography. The 
extract solution collected from the extract solution collec- 
tion opening 202a is concentrated first using an ion chro- 
matography analyzer before analyzing for the amount of 
ions. 

[0074] The sampling of ion contaminants in accordance to the 

present invention applies both the stationary-tilt sampling 
method and the dynamic-rotational sampling method. 
The liquid film on the wafer surface is being rotated or 
moved constantly. The transfer of ions from the wafer 
surface to the extraction liquid is thereby enhanced. 

[0075] Besides for detecting ion contaminants on a wafer surface, 
the ion sampling system of a wafer surface and the sam- 
pling method can also be applied to monitor the environ- 
mental contamination or the wafer environment (for ex- 
ample, the wafer carrier, and the peripheral environment). 
As an example, subsequent to the cleaning, the wafer re- 
mains on the wafer carrier for a period of time. Using the 
sampling system and sampling method of the present in- 


vention, the extent of ion contamination on a wafer sur- 
face can be detected to determine whether the interior of 
the wafer carrier is being contaminated. 
[0076] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 


